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Work Domain Analysis for understanding medication safety in care homes in 
England: an exploratory study. 
Abstract  
 
Medication safety and errors are a major concern in care homes.  In addition to the 
identification of incidents, there is a need for a comprehensive system description to avoid 
the danger of introducing interventions that have unintended consequences and are 
therefore unsustainable.  The aim of the study was to explore the impact and uniqueness of 
Work Domain Analysis (WDA) to facilitate an in-depth understanding of medication 
safety problems within the care home system and identify the potential benefits of WDA 
to design safety interventions to improve medication safety.  A comprehensive, systematic 
and contextual overview of the care home medication system was developed for the first 
time. The novel use of the Abstraction Hierarchy (AH) to analyse medication errors 
revealed the value of the AH to guide a comprehensive analysis of errors and generate 
system improvement recommendations that took into account the contextual information 
of the wider system.    
 
Keywords: care homes, nursing homes, human factors, medication safety, patient safety, 
work domain analysis  
 
 
Practitioner summary 
It is widely acknowledged that a systems approach is necessary to improve medication 
safety.  This study used a cognitive engineering method, Work Domain Analysis, to map 
the care home medication system and analyse medication errors. A macro-level view of 
the system was developed and this has provided a knowledge base for future interventions.  
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1 Introduction 
 
There are few studies investigating medication safety in care homes for older people in 
England (Furniss et al. 2000; Fahey et al. 2003; Zermansky et al. 2006; Alldred et al. 
2007; Lunn et al. 2007; Barber et al. 2009) and even fewer that used a systems approach to 
understand the problem (Barber et al. 2009). This is surprising considering residents over 
65 in care homes are a vulnerable population at risk of adverse events.  There were 
462,910 care home beds in England at the end of March 2013 (CQC 2013) and this figure 
is set to rise as life expectancy increases.  Safe treatment of this population is complex and 
challenging: they are usually prescribed multiple medications, experience age-related 
pharmacokinetic and pharmacodynamic changes, and may have some form of cognitive 
and/or physical impairment. The paucity of systematic studies of care home medication 
safety that adopt a holistic systems approach to identifying problems and solutions could 
be a factor that has impeded progress in this area. A systems approach considers the 
interactions between the human (e.g. psychological, physical, social, etc) and their 
environment, the type of tasks performed (e.g. physical, informational, social), and is 
about contextualising a problem or solution within this knowledge base (Carayon 2006; 
Dul et al. 2012).  
Medication safety and errors are a major concern in care homes. A study of 256 
residents conducted across 55 English care homes (Barber et al. 2009) [Care Home Use of 
Medication Study (CHUMS)] found a high rate of medication errors; 69.5% of care home 
residents reviewed experienced at least one type of medication error (prescribing, 
dispensing, administration and/or monitoring). Factors contributing to these errors 
included lack of co-ordination between healthcare settings, lack of information, inaccurate 
information in records, high workload, lack of medicines training and dependency on 
verbal communication (Barber et al. 2009). These findings carry substantial implications 
for safety in care homes and highlight many systems failures. 
Although the CHUMS study (Barber et al. 2009) identified systems factors that 
contributed to care home errors using well established tools for analysing errors (Taylor-
Adams and Vincent 2004) (The London Protocol), we propose that this may not be 
sufficient for designing interventions.  A crucial part in the analysis of errors using The 
London Protocol involves the use of a Framework of Contributory Factors. This 
framework contains a context-free list of error contributory conditions from which the 
analysis of errors (together with a description of the clinical context and the errors 
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identified) are based.  The output of the analysis is the identification of error contributory 
factors and recommendations for mitigating errors are developed based on these factors.  
However, this approach to developing recommendations does not take into account the 
inter-relationship among error contributory factors and the effect that any new 
interventions may have on the current system. Hence, it would be difficult to relate 
resultant system recommendations to the wider context of the system being studied (Lim, 
Anderson and Buckle 2008).   
We contend that a comprehensive understanding of the whole system, not only the 
parts of the system within which medication errors had occurred could provide a 
framework from which error contributory factors and the proposed interventions can be 
analysed, reviewed and tested before being implemented in practice. Contextualising error 
contributory factors within a wider understanding of both ‘what the system is’ and ‘how it 
operates’ can avoid the danger of introducing interventions that have unintended 
consequences and are therefore unsustainable.  A whole system approach is needed, which 
involves methodically mapping the various structural and functional elements of the 
system. These include organisations involved in providing medication, organisational 
functional divisions, the allocation of tasks and responsibilities within those divisions, the 
processes and tools used to achieve outcomes, and how outcomes are defined and 
measured (Ramo 1973; Chapanis 1996; Vicente 1999). Central to this is an understanding 
of how system components interact. The need is for a comprehensive system description 
in addition to the analysis of incidents and the identification of problematic system factors.  
In this study, we conducted a Work Domain Analysis in order to develop a map of 
the care home medication system to facilitate deeper understanding of the system.  The 
aim of the study was to explore the impact and uniqueness of the map to facilitate an in-
depth understanding of medication safety problems within the care home system and 
identify the potential benefits of work domain analysis to design safety interventions to 
improve medication safety.   
 
Work Domain Analysis (WDA) 
WDA is the first of five phases of analysis in Cognitive Work Analysis (CWA).  
CWA (Vicente 1999) is a suite of tools for analysing and modelling complex systems. The 
CWA method enables an understanding of the constraints of a work system (which defines 
its boundaries or limitations).  Constraints are the boundary conditions within which work 
must be achieved.  By analysing these constraints, we gain insight into the factors that 
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enable or hinder safe work practices (Vicente 1999). WDA, the phase of analysis used in 
this study, analyses the purpose and structure of the work system. Subsequent phases of 
CWA analyses the tasks that need to be performed (Control task analysis), the ways in 
which tasks can be performed (Strategies analysis), how tasks are organised among 
workers and automations (Social organisation and cooperation analysis) and the 
competencies of workers required to perform tasks (Worker competencies analysis).   
Initially developed in the cognitive engineering discipline and widely used in high-
risk industries (e.g. aviation (Naikar and Sanderson 2001, Kilgore et al. 2008), naval 
(Bisantz et al. 2003), military command and control (Jenki ns et al. 2008), road transport 
(Salmon et al. 2007; Cornelissen et al. 2013), the application of CWA in healthcare is only 
developing.  Jiancaro, Jamieson and Mihailidis (2014) noted that although CWA has been 
applied in healthcare for about 20 years, there is little known about its effectiveness or 
future research needs and concluded that the greatest contribution to date may be the 
capacity of the methodology to enable fuller understanding into the “deep structures” of a 
system being analysed.   
Most healthcare applications of the method have focused on the development of 
interfaces and computer systems, especially in intensive care (e.g. Effken et al. 2001, 
Miller 2004, Sharp and Helmicki 1998).  Other applications include the development of 
decision support tools (Hajdukiewicz et al. 2001; Effken et al. 2011), understanding of 
contributors to inpatient falls (Lopez et al. 2010), inpatient medication management 
system (Pingenot et al. 2009) and team working (Ashoori et al. 2014). 
 
2 Method 
The methods used in this study are presented in two parts; the first section describes the 
development of a map of the care home medication system and the second details the 
method used to analyse medication errors.  
 
2.1 Developing a map of the care home medication system 
2.1.1 Setting 
Seven care homes in East Anglia, England with between 27 to 55 residents in each were 
recruited.  These care homes provided nursing care for residents who were either over 65 
years of age, had a terminal illness or had a mental disorder, excluding learning disability 
or dementia.  Residents were recipients of services from the general practice, hospital, 
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community pharmacy and community nursing team.  Ethical approval was gained from 
the appropriate ethical review committee and participants gave informed consent.  
 
2.1.2 Data sources  
General contextual information 
Data were collected from all seven care homes.  
1. Profiles of care homes 
Background information about the structure and processes in the care homes were 
collected and included the type of care provided, the size of the care home, staffing 
levels, staff credentials and relevant training received, healthcare practitioners 
involved in residents’ care, processes relating to medication provision and descriptive 
information about the care home’s relationships with relevant healthcare practitioners.  
 
2. General observations 
The period of observation typically lasted two full working days (up to 16 hours) for 
each care home during which the analyst observed the general layout of the care home 
including the general atmosphere, lighting, temperature and noise levels, residents’ 
mood in general and how they interacted with staff members, staff ’s attitude towards 
residents, relatives and visitors, team working, time pressures, management and staff 
communication, and how documents such as patient care records were kept in terms of 
clarity and completeness. Data were collected using a previously piloted field notes 
template and informal interviews with willing staff members to assess their attitudes of 
working in the care home medication system.  
 
3. Structured, focused observations  
Two medication administration rounds per home were observed. Each medication 
administration round lasted between 2-3 hours.  The analyst assessed how the 
medication administration round was organised, the atmosphere (e.g. calm, busy, 
noisy) during the round, the nature, frequency and length of interruption(s), the drug 
trolley (how medication was organised and dispensed prior to administering to 
residents) and the medication administration record (MAR) (details on the MAR for 
example the accuracy of medication details and accuracy of documentation following 
medication administration).    
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Detailed contextual information  
Detailed information relating to the functioning of care homes was collected from one 27-
bed care home. This care home provided personal and nursing care to older patients (> 65 
years old) with a range of health issues including mental health issues. The size, type of 
care provided and resident profile is typical of care homes in England.  
 
1. Documents relating to the overall functioning of the care home were identified by an 
analyst (RL) and the care home manager. These included the care home information 
leaflet, care home introduction document, staff policies and procedures manual, and 
the Commission for Social Care Inspection (CSCI) report (Note: The CSCI is now the 
Care Quality Commission).   
2. A semi-structured interview with the care home manager lasting approximately 1.5 
hours was conducted to explore the general functioning of this care home including the 
challenges faced.  
 
2.1.3 Analysis   
The care home medication system was defined as the interdependent network of functions 
and processes involved in managing residents’ medication needs. It included functions that 
occurred outside the physical boundary of the care home, such as those carried out by GPs 
and pharmacists, because they affect how the care home medication system functions. 
Social care, although closely linked to how care homes function, was excluded from the 
analysis because the focus of the study was on the medication system.   
We used the AH as our modelling tool. The AH represents five distinct conceptual 
levels: the functional purpose of the system, the values that determine whether the system 
is fulfilling its purpose, the main functions that the system should fulfil, the functions 
afforded by physical objects, and the physical and technological devices that are used.  
The hierarchy is populated with nodes at each of these five levels and the levels are linked 
to show the means-ends relationships. Nodes at one level provide the means for achieving 
the ends of the level below it.  
 The development of the AH was an iterative process.  Documents, observation 
notes and interview transcripts were entered into NVivo7, a widely used and readily 
available software package for the management and analysis of qualitative data. Textual 
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data were coded according to the framework of the AH.  A thematic analysis was 
conducted by a single analyst (RL). A first draft of the AH was developed and graphically 
represented using the CWA tool (Jenkins et al. 2007), a software tool specifically designed 
to support the analytic process of CWA and represent the outputs.  Data sources were then 
revisited to check for information that might disconfirm the draft AH. A second draft of 
the AH was then developed by two analysts working together (RL and JA). To produce the 
second draft, the content of the AH was reviewed for its relevance, meaning and clarity 
over three separate sessions totalling about eight hours.  A glossary of the contents in the 
AH was developed to explain its meanings.   
 
Validation 
The AH was validated (content validity) with five subject matter experts (SMEs). They 
were healthcare staff who worked in or with care homes and had expert knowledge of the 
medication system (see Table 1).  Semi structured interviews were conducted with the 
SMEs. Three were interviewed individually and two took part in a joint interview. A copy 
of the AH and the glossary were provided to them. The researcher introduced the study, 
gave an overview of the analysis, and, using the AH and glossary, gave a full explanation 
of the model, the terms used in it and the relationships it portrayed. The SMEs were then 
asked their opinion of the relevance of each function at each abstraction level, whether 
there were functions that were missing, and the accuracy of the means-ends links. Based 
on the recommendations of the SMEs the AH was revised.  A final version was then 
produced.  
 
Insert Table 1 
 
2.2 Analysis of medication errors 
 
2.2.1 Tools 
The AH of the care home medication system developed in this study (Figure 1) and case 
summaries of medication errors (n=9) were used. These errors were identified in the seven 
care homes reported in section 2.1.  Methods to identify medication errors are reported in 
Barber et al. (2009, 342), (the medication errors identified formed part of the results 
presented in the paper). To identify medication administration errors (the type of errors 
reported in this study), the analyst (RL) observed two medication administration rounds per 
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resident. RL used a data collection tool that consisted of a list of medications that the 
resident was prescribed, and matched it to the actions of the staff administering medicines, 
to identify whether a medication administration error had occurred. Error case summaries 
were produced by the analyst (RL) and involved developing a narrative of each error case 
using interview transcripts, field notes from observations, medical records, care home 
profiles and medication reviews specific to each case.  
 
2.2.2 Procedures 
Each medication error was analysed following four steps. 
 
Step 1:  Referring to the AH, work categories at the purpose-related functions (PRF) 
abstraction level were listed. We decided to start the analysis at this abstraction level 
because medication errors were identified and classified according to stages of care (such as 
prescribing, monitoring of medication, dispensing and medication administration) and this 
corresponded to the conceptual representation of work categories at the PRF level.   
 
Step 2: Error case summaries were analysed to identify which (if any) of the work 
categories listed were implicated in the errors. These were documented. 
 
Step 3: We then referred back to the AH to identify work categories at the abstraction level 
below, object-related processes (ORP), that were means-ends linked to those identified in 
Step 2.  We targeted this level because the means-ends links revealed “how” errors could 
have occurred.  For example, “medication administration” identified in Step 2 was linked to 
“communicate” and “record-keeping” at the ORP level below suggesting a potential 
contribution to the medication administration error. A list of work categories linked to those 
identified in Step 2 was made.  
 
Step 4: We revisited error case summaries to identify which (if any) of the work categories 
listed in Step 3 were implicated in the errors and documented these. 
 
Finally, a set of recommendations to improve safety in the care home medication system 
was developed using a systematic approach. For each error analysed, a set of 
recommendations was made corresponding to the work categories relevant to that error, as 
identified in Step 4.  Then, recommendations developed for individual errors were collated 
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and further analysed by identifying common themes before producing high-level 
recommendations.  
 
3 Results 
 
3.1 AH of the care home medication system  
Figure 1 shows the AH of the care home medication system.  
 
As shown in Figure 1, the overall purpose of the system is to provide health care to 
residents. The provision of healthcare is externally constrained by the requirements of 
laws and regulations, guidelines, policies and procedures and this was represented as a 
purpose of the work system because it guides all activities within the system.   
At the “values and priority measures” level, the criteria for measuring how well the 
work system fulfils its functional purposes, are described. Potential conflicts within the 
organisation may occur.  For example the care home may want to optimise currently 
available finances by employing minimum levels of care home staff, purchasing the 
cheaper but not necessarily quality piece of equipment or cut down on investments in staff 
training.  By doing so, the trade-off could be a compromise in staff and resident safety, 
thereby reducing the quality of healthcare provision.  Similarly, focusing the care home’s 
resources solely on maximising the quality and safety of residents and staff may not meet 
the financial priorities of the care home.  The care home management has to balance 
different pressing priorities when making organisational and operational decisions. 
Four work components were identified at the purpose-related functions level: 
“medical diagnosis”, “treatment prescribing”, “medication supply” and “medication 
administration” and they represented the main functions that need to be co-ordinated and 
fulfilled in the work system.  It is unlikely that these work components can be performed 
solely within the care home. For example, making a medical diagnosis and prescribing 
treatment would sometimes require residents to be admitted to the hospital or to make a 
visit to their general practitioner because the facilities (such as the medical or surgical 
team, equipment) may not be available within the care home. With regards to the supply 
and administration of medication, the care home usually co-ordinates care with other 
healthcare professionals.  For example a district nurse may attend the care home to 
administer specific medication such as injections, to residents. Supplies of medication are 
ordered directly from the GP or via the community pharmacy and collected or delivered 
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by the community pharmacy or the dispensing GP. These examples highlight the 
importance and challenge of organising and co-ordinating different healthcare staff and the 
resident, to ensure that information is communicated accurately and promptly between 
staff with different roles and disciplinary backgrounds to accomplish any of these 
functions safely and in time.  
The next level is “object-related processes” and work components here represent 
the capabilities and limitations of the physical objects available in the work system.  
Eleven work components were identified at this level of the AH and examples include 
“communicate”, “record-keeping”, “medication review”, “medication order”, “medicines 
dispensing” and “medication giving”.  Fulfilling these work components would require 
input from other healthcare settings and practitioners.  For example, medication ordering 
(requesting a medication) could be performed by the care home, the community pharmacy, 
GP surgery or relatives and friends of the resident. 
Finally, the “physical objects” level describes the physical objects in the work 
system. A total of 49 physical objects were identified and included tools or equipment, 
personnel and infrastructure.  We considered the care home medication system as a 
predominantly intentional system meaning that human goals, decisions and actions 
determine how work is achieved.  Thus we have included personnel (such as the care 
home resident, relatives, friends, healthcare staff) at this level.  The list of physical objects 
in the AH was not intended to be exhaustive and represented the physical objects that were 
identified from the three iterations of the AH. In the validation process, SMEs noted that 
the physical objects were the aspect of the analysis that was most likely to differ across 
care homes, so our approach was to include representative types of objects at this level of 
the analysis. Several physical objects contained similar information about the care home 
medication system. For example, care records, nurses’ diary, handover book, GP medical 
records, community pharmacy records, hospital medical records all contain information 
about residents’ care plans, medical issues and medication.  Thus, they provide similar 
functionality but the quality of information provided varied considerably. These records 
were also located in different healthcare settings. The availability of multiple information 
sources with different levels of detail could lead to challenges in maintaining accurate 
records, and timely retrieval of information that in turn could have a negative impact on 
medication safety. 
An important feature of the AH is the means-ends links between work categories at 
different levels of the AH.  The means-ends links provide a way to explore how changes in 
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one area of the system might affect other areas, and suggest novel trajectories of action 
that could be explored in subsequent system improvement efforts.  “Communicate” and 
“record-keeping” were two work components with the most links in the AH suggesting 
that they played key roles in the safe provision of medication.    
 
3.2 Analysis of medication errors  
 
3.2.1 Work categories at the purpose-related functions level 
Two work categories were identified to have contributed to the nine medication 
administration errors analysed.  These were “medication administration” and “medication 
supply medication”.  Problems with “medication administration” were considered to have 
contributed to all the medication administration errors whilst “medication supply” 
contributed to two medication errors.  A lack of medication supply contributed to the 
omission of a medication in two medication administration rounds.  This highlighted the 
dependencies between “medication administration” and “medication supply” in the care 
home medication system. Medication could be administered by professionals in and outside 
the care home, and likewise the supply of medication was dependent on co-ordination with 
pharmacies. This suggests that need for effective co-ordination within and outside the care 
home to ensure the safety and effective running of the care home medication system.  
 
3.2.2 Work categories at the object-related processes level 
Table 2 shows a summary of the error analysis of the work categories linked to 
“medication administration” and “medication supply” that were considered to have been 
implicated in the errors.  Following this, the most frequent contributors to errors are 
discussed.  
 
Insert Table 2. 
 
Communicate 
Communication problems were identified within and outside the care home.  For example, 
problems between the care home and community pharmacy resulted in uncollected 
medications in the community pharmacy. Non-availability of that specific medication led 
to the resident not being given the prescribed medication. Staff members in the care home 
and community pharmacy were unable anticipate the consequences of their action or non-
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action beyond the immediate effect that the resident’s medication was not collected.  The 
lack of foresight due to poor understanding of the whole care home medication system can 
have a detrimental effect on patients. 
 
Within the care home, there was incomplete communication of information and lack of 
communication between care home staff members.  In one care home, it was the 
responsibility of the care home manager or duty managers who do not routinely administer 
medication, to communicate all types of information about medication to care home staff 
members who administer medication.  Insufficient information about the change of a 
resident’s medication therapy was given and this led to wrong assumptions about the new 
regime resulting in resident being given the wrong dose of medication. In other cases, 
reasons for medications not being available for long periods of time was not investigated, 
resulting in residents not receiving their prescribed medication.  
 
Communication problems between care home staff and residents were also identified.  
Issues such as cognitive impairment and high levels of trust in care home staff members’ 
knowledge of medication prevented residents from communicating with staff regarding 
their medication.  
 
Record-keeping 
There were problems with records that were unclear and not up-to-date. Care homes use 
multiple sources of information and multiple record keeping devices, often leading to 
duplication of information. A change in medication information was not reflected in every 
information source that routinely contains information about medication. In some cases 
the recorded information about the medication change was not clear causing the care staff 
to make wrong assumptions about the resident’s medication dosage.     
 
In some errors, the wrong information was recorded.  A care home staff had documented 
giving a medication when it had not been given.  Certain information such as to give 
medication before food, had not been recorded in the main information source regularly 
used by care home staff members that administer medication.  Medication information 
recorded on dispensing labels and patient information leaflets (PILs) was not utilised by 
care home staff when giving medication.  This led to medication being given by the wrong 
administration technique.   
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“Record-keeping” was identified to be tightly linked to “communicate”.  Record-keeping 
is a form of written communication.  It is crucial to note that these two work categories are 
not means-ends related or hierarchical.  They are both required to fulfil the purposes of the 
work categories at the purpose-related function level.   
 
Medication giving 
Problems with “medication giving” related to the omission of medication in the 
medication administration round and errors relating to the wrong dose, physicochemical 
properties of the medication, administration techniques and not following instructions 
given.  Medication omissions were a consequence of the unavailability of medication and 
the medication being forgotten because it was placed in a separate compartment in the 
drug trolley.  Non-updated MDS and MARs resulted in a wrong (old) dose of medication 
given to the resident.  A few care home staff members used the wrong administration 
technique for example the use of inhalers. Another care home staff member had the wrong 
knowledge about the physical property of a medication and had not given the medication 
according to the administration instructions printed on the dispensing label.   
 
The problems with “medication giving” were not due solely to the act of giving 
medication.  There were clear links with problems in communication, record-keeping, 
medication storage and dispensing showing the relationships between work categories at 
the object-related processes level.       
 
The interface between the community pharmacy and care home creates vulnerabilities and 
increases the risk of medication errors.  Co-ordinating the delivery of care and medication 
across this interface was challenging for communication and record keeping and led to a 
number of errors.  
 
4 Discussion 
 
We believe this is the first time an English care home medication system was mapped 
using WDA and the first time an AH was used to analyse medication errors in care homes.  
The study revealed several key benefits of using WDA to map the care home medication 
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system and analyse medication errors, and the potential for WDA to improve medication 
safety in care homes.  
 
4.1 Formative contextual constraint-based framework to understand the care home 
medication system 
This study has extended current knowledge of the care home medication system by 
providing a formative, constraint-based framework for visualising the medication system 
and its functions in a systematic and comprehensive manner.  Current approaches to 
understanding medication safety in care homes have focused on deriving insights through 
analyses of medication errors (Gurwitz et al. 2000, 2005; Lunn et al. 2007; Barber et al. 
2009) and the effects of specific interventions on residents’ medication treatment (Furniss 
et al. 2000; Zermansky et al. 2006).  These studies provide system improvement 
recommendations primarily through investigating what has gone wrong within the system.  
However, the context within which errors occurred or where interventions were made, 
were absent.  This study on the other hand focused on building a knowledge base about 
the system to provide the context and framework for further analysis of the care home 
medication system (Buckle et al. 2003).  Relationships between work categories shown in 
the AH through the means-ends links were an advantage; it provided the means for 
understanding the work system and the implications of work categories in light of the 
wider system.  When designing system interventions in a tightly-coupled system such as 
the care home medication system, it is potentially less likely to miss key components of 
the system if a comprehensive AH framework was used as a starting point. 
 
4.2 Contextual framework for medication error analysis 
This paper reports the first application of AH to analyse medication errors in care homes.  
We found one other published study that investigated the causes of medication errors in 
care homes (Barber et al. 2009).  The London Protocol (Taylor-Adams and Vincent 2004) 
was used in Barber et al.’s (2009) study and is a generic framework of system and 
individual factors that may contribute to errors.  Using The London Protocol, analysts 
review each factor listed to identify relevance to the error.  It can be difficult to determine 
the relative importance or consequences of these contributory factors in the wider care 
home medication system because the framework does not indicate how factors were 
related to each other.   
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This study used the AH of the care home medication system developed to analyse 
medication errors.  The AH provided a contextual framework to analyse errors and 
avoided the problems of contextualising generic error analytical framework and 
decontextualising error cases which is often complex processes and may not increase our 
understanding on errors.  Mapping error case summaries to the AH did not reveal missing 
work categories within the AH or means-ends links between work categories, thereby 
validated the AH further.  Using the AH to analyse errors increased the comprehensiveness 
of the analysis process because the analyst was guided to consider all work categories that 
were means-ends linked which may not, in the first instance appeared to have contributed 
to errors.  It would be less likely to miss work categories that may have been implicated in 
errors.  The links also show each work categories’ relevance and relationship with each 
other in the wider context of the care home medication system.   
 
4.2.1 Recommendations for system improvement 
A key issue identified in the analysis of errors was the deficiency in the care home 
information system.  Hence, it is logical to target this aspect of the system when 
generating recommendations for system improvements.   
 
Access and use of information  
The availability of information should be made apparent to staff who require it whether 
within or outside the care home.  Staff members need to have relevant information so that 
they can make appropriate decisions and judgements.   
 
The AH of the care home medication system can be used as a tool to help staff visualise 
the system within which they work.  Staff can see the importance of different types of 
information by referring to the means-ends links linking work categories at different 
abstraction levels.  Then, staff can better judge the usefulness of the information in light of 
the context of the whole care home medication system and use it effectively and 
accurately.  In the errors analysed, information on the dispensing labels and patient 
information leaflets (PILs) was not utilised and reasons for these could be that staff were 
not aware of the availability of information and did not know the value of the information.   
 
Record-keeping 
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In complex socio-technical systems like the care home, variations in work systems, 
practices and organisations are inevitable.  No two care homes function in the exact same 
way.  Instead of standardising every aspect of the running of the care home, a crucial point 
to consider could be to ensure that information is recorded and updated promptly and 
clearly.  However, without a clear view of the whole care home medication system, it is 
difficult to determine what information to record.  The AH can be used to help determine 
the type of information to record.  By reviewing the means-ends links that link work 
categories at different abstraction level, the type of information to record can be 
determined.  For example, “medication supply” at the purpose-related functions 
abstraction level is means-ends linked to “medication order” (among other work 
categories) at the object-related processes abstraction level below.  Hence, information 
about “medication order” should be considered when records are made about “medication 
supply”.  The information recorded could also act as alerts or reminders to care staff such 
as alerting the care staff that two types of dispensing systems are being used or reminders 
to perform particular tasks.   
    
Centralised records 
Centralising records could help reduce the likelihood of not updating a particular source of 
information and also ensure that all staff members have access to the same information.  
The AH of the care home medication system shows that work categories cannot be 
fulfilled solely within the care home itself.  Examining the work categories at the purpose-
related functions abstraction level in more detail, three of the four work categories, 
“medical diagnosis”, “treatment prescribing” and “medication supply” cannot be 
performed solely within the care home.  Hence, there is a need for co-ordination with 
other healthcare settings to fulfil these work categories.  This further supports the need for 
a common source of information so that every healthcare setting has access to relevant 
information.   
 
Resident involvement  
Care home residents are a valuable source of information and they should be encouraged 
to be more involved in their own healthcare, if they are able and want to.  The analysis of 
errors identified that residents were often passive receivers of care during the medication 
administration rounds.  Residents can provide invaluable information about the care home 
medication system.  By referring to the AH, “resident” at the physical objects level is 
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means-ends linked to many work categories at the object-related processes abstraction 
level above, showing their crucial role in fulfilling the work categories such as 
“communicate”, “medication review”, “health status monitoring” and “medication 
giving”.  The impact of resident involvement extends to the work categories at the 
purpose-related functions abstraction level.  For example, “communicate” at the object-
related processes level is means-ends linked to every work category at the level above.  
 
4.3 AH to guide design of interventions 
The AH can be used to guide improvement activities. The work components identified at 
the purpose-related function level represent categories of work that have a defined aim, 
such as diagnosis and prescribing. These work components are linked to object-related 
processes that further show how they could be achieved, and values and priorities of the 
system that determines its performance.  See Table 3 for an example.  The analysis can 
therefore be used to systematically assess how changes in one area of the work system 
might affect other areas.   
 
Insert Table 3 
 
The previous section discussed methods used to analyse medication errors.  Using The 
London Protocol (Taylor-Adams and Vincent 2004), recommendations to improve the 
system are generated based on error contributory factors identified.  These 
recommendations addressed factors related to individual errors and not necessarily those 
of the wider deficient system.  The AH provided an understanding of how and why errors 
occurred within the wider system and can lead to the generation of recommendations that 
address system problems rather than problems surrounding individual errors.   
 
Studies conducted in other sectors with applications such as identifying problems and 
generating safety improvement recommendations in aircraft-automation systems (Xu 
2007) and evaluating design proposals for new systems such as that of Airborne Early 
Warning and Control (Naikar and Sanderson 2001) have also highlighted the importance 
and the value of a macro-level view of the system and the interactions that occur to 
contextualise and inform decisions made to improve safety.  The same AH can be used 
throughout the system’s life-cycle from analysis, to the design of solutions for system 
improvement, to evaluation of improvements for their effect on safety (Sanderson 2003). 
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4.4 Further use of AH to improve safety 
The results of this analysis could be used to identify training needs, develop training 
programmes and guide training delivery and evaluation (Sanderson 2003).  As suggested 
by the SMEs in this study, staff need to develop an accurate mental model of the system in 
which they work and they need to understand how their actions affect other parts of the 
system. Further study could identify how the AH could be used in this. One way forward 
would be to develop a training package based on the work categories at each abstraction 
level in the AH, starting at the purpose-related functions level: both the training needs and 
the functional specifications of the training system itself (Naikar and Sanderson 1999; 
Lintern and Naikar 2000). This would provide staff with an overall contextual view of the 
care home medication system.  
The design of specific interventions requires further research. Interventions can be 
identified based on the requirements of the system as represented by the AH, but the 
specific features of an intervention require in depth understanding of the tasks that 
workers undertake, the information they require and the interactions between different 
staff. Application of later stages of CWA, such as control task analysis, and other human 
factors techniques such as hierarchical task analysis and process mapping could assist in 
this (Colligan et al. 2010).  
 
4.5 Limitations 
There are several limitations to this study.  Data for the analysis were collected in a small 
sample of care homes. Although the extent to which the findings can be generalised is not 
known, we increased validity by involving a group of SMEs to review the analysis.  In 
addition, error analysis did not reveal gaps within the AH. It is possible that some of the 
information contained in the lower levels of the AH were specific to the care homes we 
studied, but the SMEs expressed the view that the work categories at the three highest 
levels the AH were representative of care homes in general. Future research could test this 
with a larger sample of care homes.  Validation of the AH using scenario analysis could 
increase validity (Burns et al. 2001; Burns and Hajdukiewicz 2004).  
  
The AH could guide the data collection for error analysis.  The sample of errors was 
limited to medication administration errors. In future, other types of errors identified in the 
care home for example, prescribing, monitoring and dispensing errors, could potentially 
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be analysed using the AH.  Separate AHs of the GP surgery and community pharmacy 
systems, or AH from different object world views (Torenvliet et al. 2008 and Naikar 2013) 
may be helpful in understanding the contribution of problems within the GP and pharmacy 
to errors in the care home.  To analyse errors, it was necessary to first construct the AH of 
the care home medication system. The process of construction was time-consuming and 
required specific skill and expertise compared to using an off the shelf error analytical 
tool. However, the value of the analysis based on the AH could outweigh the problem of 
having to spend more time and resources at the start of the analysis. The AH could also be 
retained in the system for other uses such as the design of interventions. 
 
5  Conclusion 
A map of the care home medication system was developed using WDA. It provided an 
overview of the care home medication system and a framework for contextualising our 
understanding of safety problems and for designing interventions. The AH of the care 
home medication system was used in a novel way to analyse medication errors and the 
findings revealed additional insight to the context and causes of errors.  WDA showed 
promise for understanding the complexity and developing interventions to improve 
medication safety in care homes. 
  
6  Acknowledgements 
 
The first author was funded by Hinchingbrooke Health Care NHS Trust to undertake a 
PhD programme at the time of the study.  We thank Janet Watkinson and, care home staff 
and pharmacist who participated in this study.  The authors were part of the wider Care 
Home Use of Medicines Study (CHUMS) research team and would like to thank the 
whole team for their contribution in terms of care home knowledge.   
 
7  References 
 
Alldred, D.P., Zermansky, A.G., Petty, D.P., Raynor, D.K., Freemantle, N., Eastaugh, J., 
and Bowie, P. 2007. “Clinical medication review by a pharmacist of elderly people living 
in care homes: pharmacist interventions.” International Journal of Pharmacy Practice 
15:93–99. 
 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 21 
Ashoori, M., Burns, C., d’Entremont, B., and Momtahan, K. 2014. “Using team cognitive 
work analysis to reveal healthcare team interactions in a birthing unit.” Ergonomics 
57:973-986. 
 
Barber, N.D., Alldred, D.P., Raynor, D.K., Dickinson, R., Garfield, S., Jesson, B., Lim, R., 
et al. 2009. “Care homes’ use of medicines study: prevalence, causes and potential harm of 
medication errors in care homes for older people.” Quality and Safety in Health Care 
18:341–346. 
 
Bisantz, A.M., Roth, E., Brickman, B., Gosbee, L.L., Hettinger, L., and McKinney, J. 
2003. “Integrating cognitive analyses in a large-scale system design process.” 
International Journal of Human-Computer Studies 58:177-206. 
 
Burns, C., Bryant, D., and Chalmers, B. 2001. “Scenario mapping with work domain 
analysis”. Paper presented at the 45th Annual Meeting of the Human Factors and 
Ergonomics Society, Minneapolis, MN, October 8-12. 
 
Burns, C., and Hajdukiewicz, J. 2004. Ecological Interface Design. Boca Raton, FL: CRC 
Press.  
 
Chapanis, A. 1996. Human factors in systems engineering. New York: John Wiley & Sons, 
Inc. 
 
Colligan, L., Anderson, J.E., Potts, H.W.W., and Berman, J. 2010. “Does the process map 
influence the outcome of quality improvement work? A comparison of a sequential flow 
diagram and a hierarchical task analysis diagram.” BMC Health Services 
Research 10:7. doi:10.1186/1472-6963-10-7. 
 
Care Quality Commission (CQC). 2013. The state of health care and adult social care in 
England in 2012/13. London: The Stationary Office. Accessed 6th June 2014. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/264035/083
8.pdf .  
  
Effken, J., Brewer, B.B., Logue, M.D., Gephart, S.M., and Verran, J.A. 2011. “Using 
Cognitive Work Analysis to fit decision support tools to nurse managers’ work flow.” 
International Journal of Medical Informatics 80:698–707. 
 
Effken, J., Loeb, R., Johnson, K., Johnson, S., and Reyna, V. 2001. “Using cognitive work 
analysis to design clinical displays.” Medical Informatics 10:127-31.  
 
Fahey, T., Montgomery, A.A., Barnes, J., and Protheroe, J. 2003. “Quality of care for 
elderly residents in nursing homes and elderly people living at home: controlled 
observational study.” BMJ 326:580–583. 
 
Furniss, L., Burns, A., Craig, S.K., Scobie, S., Cooke, J., and Faragher, B. 2000. “Effects 
of a pharmacist's medication review in nursing homes. Randomised controlled trial.” 
British Journal of Psychiatry 176:563-567. 
 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 22 
Gurwitz, J.H., Field, T.S., Avorn, J., McCormick, D., Jain, S., Eckler, M., Benser, M., et al. 
2000. “Incidence and preventability of adverse drug events in nursing homes.” The 
American Journal of Medicine 109:87-94. 
 
Gurwitz, J.H., Field, T.S., Judge, J., Rochon, P., Harrold, P., Cadoret, C., Lee, M., et al. 
2005. “The incidence of adverse drug events in two large academic long-term care 
facilities.” American Journal of Medicine 118:251-258. 
 
Hajdukiewicz, J.R., Vicente, K.J., Doyle, D.J., Milgram, P., and Burns, C.M. 2001. 
“Modelling a medical environment: an ontology for integrated medical informatics 
design.” International Journal of Medical Informatics 62:79-99. 
 
Jenkins, D.P., Farmilo, A., Stanton, N.A., Whitworth, I., Salmon, P., Hone, G., Bessell, K, 
et al. 2007. The CWA Tool V0.95 [CD-ROM]. Human Factors Integration Defence 
Technology Centre (HFI DTC), Yeovil Somerset UK. 
 
Jenkins, D.P., Stanton, N.A., Salmon, P.M., Walker, G.H., and Young, M.S. 2008. “Using 
cognitive work analysis to explore activity allocation within military domains.” 
Ergonomics 51:798-815. 
 
Jiancaro, T., Jamieson, G.A., and Mihailidis, A. 2014. “Twenty Years of Cognitive Work 
Analysis in Health Care A Scoping Review.” Journal of Cognitive Engineering and 
Decision Making  8(1): 3-22.  
 
Kilgore, R., St-Cyr, O., and Jamieson, G. A. 2008. “From Work Domains to Worker 
Competencies: A Five-Phase CWA for Air Traffic Control”. In Applications of Cognitive 
Work Analysis, edited by Bisantz, A and Burns, C. 15-47. Piscataway, NJ: Erlbaum.  
 
Laing & Buisson. 2010. Press Release: Councils set to shunt social care costs to the NHS 
and Service Users as cuts take effect. Accessed 6th June 2014. 
http://www.laingbuisson.co.uk/Portals/1/PressReleases/Care_Elderly_PR10.pdf.  
 
Lim, R. 2008. “A systems approach to medication safety in care homes: Understanding the 
medication system, investigating medication errors and identifying the requirements of a 
safe medication system.” PhD diss., University of Surrey.  
 
Lim, R., Anderson, J. and Buckle, P. 2008. “Analysing care home medication errorss: A 
comparison of The London Protocol and Work Domain Analysis.” Paper presented at the 
52nd Annual Meeting of the Human Factors and Ergonomics Society, New York, 
November 22-26. 
 
Lintern, G., and Naikar, N. 2000. “The Use of Work Domain Analysis for the Design of 
Training.” Paper presented at the Joint 14th Triennial Congress of the International 
Ergonomics Association/44th Annual Meeting of the Human Factors and Ergonomics 
Society (IEA/HFES 2000), San Diego, July 30-August 4.  
 
Lopez, K.D., Gerling, G.J., Cary, M.P., and Kanak, M.F. 2010. “Cognitive work analysis to 
evaluate the problem of patient falls in an inpatient setting.” Journal of the American 
Medical Informatics Association 17:313-321. 
 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 23 
Lunn, J., Chan, K., Donoghue, J., Riley, B., and Walley, T. 1997. “A study of the 
appropriateness of prescribing in nursing homes.” The International Journal of Pharmacy 
Practice 5:6-10. 
 
Miller, A. 2004. “A work domain analysis framework for modelling intensive care unit 
patients.” Cognition, Technology and Work 6:207-222. 
 
Naikar, N. 2013. Work Domain Analysis: Concepts, Guidelines and Cases. Boca Raton, 
FL: Taylor & Francis Group, LLC.  
 
Naikar, N., and Sanderson, P. 1999. “Work domain analysis for training-system definition 
and acquisition.” The International Journal of Aviation Psychology 9:271-290. 
 
Naikar, N., and Sanderson, P. 2001. “Evaluating Design Proposals for Complex Systems 
with Work Domain Analysis.” Human Factors 43:529-542. 
 
Pingenot, A., Shanteau, J., and Sengstacke, D.N. 2009. “Description of inpatient 
medication management using Cognitive Work Analysis.” Computers, Informatics, 
Nursing 27:379-392.  
 
Ramo S. 1973. “The systems approach.” In Systems Concepts: Lectures on contemporary 
approaches to systems, edited by Miles, Jr R.F., 13-32. New York: John Wiley & Sons, 
Inc.   
 
Salmon, P.M., Regan, M.A., Lenne, M.G., Stanton, N.A., and Young, K.L. 2007. ”Work 
domain analysis and intelligent transport systems: Implications for vehicle design.” 
International Journal of Vehicle Design 45:426-448. 
 
Sanderson, P.M. 2000. “Cognitive work analysis across the system life-cycle: 
Achievements, challenges and prospects in aviation.” In Innovation and Consolidation in 
Aviation: Selected Contributions to the Australian Aviation Psychology Symposium, edited 
by Pfister, P., and Edkins, G. Aldershot: Ashgate. 
 
Sharp, T.D., and Helmicki, A.J. 1998. “The application of the ecological interface design 
approach to neonatal intensive care medicine.” Paper presented at the 42nd Annual 
Meeting of the Human Factors and Ergonomics Society, Chicago, IL, October 5-9.  
 
Taylor-Adams, S., and Vincent, C. 2004. “Systems analysis of clinical incidents. The 
London Protocol.” Accessed 16th March 2015. 
http://www1.imperial.ac.uk/resources/C85B6574-7E28-4BE6-BE61-
E94C3F6243CE/londonprotocol_e.pdf  
 
Torenvliet, G. L., Jamieson, G. A., and Chow, R. W. Y. 2008. “Object Worlds in Work 
Domain Analysis: A Model of Naval Damage Control”. IEEE Transactions on Systems, 
Man & Cybernetics 38:1030-1040. 
 
Vicente, K.J. 1999. Cognitive Work Analysis: Toward Safe, Productive and Healthy 
Computer-Based Work. New Jersey: Lawrence Erlbaum Associates Inc. 
 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 24 
Xu, W. 1007. “Identifying problems and generating recommendations for enhancing 
complex systems: applying the abstraction hierarchy framework as an analytical tool.” 
Human Factors 49:975-994. 
 
Zermansky, A.G., Alldred, D.P., Petty, D.R., Raynor, D.K., Freemantle, N., Eastaugh, J., 
and Bowie, P. 2006. “Clinical medication review by a pharmacist of elderly people living 
in care homes – randomised controlled trial.” Age and Ageing 35:586-591. 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 25 
List of tables 
 
Table 1. Description of subject matter experts. 
Table 2. Summary of error analysis corresponding to work categories that contributed to 
medication errors. 
Table 3. Using AH to guide safety improvement activities: an example. 
 
 
D
ow
nl
oa
de
d 
by
 [8
2.1
3.2
7.1
30
] a
t 0
1:0
5 0
4 J
un
e 2
01
5 
Ac
ce
pte
d M
an
us
cri
pt
 26 
Table 1. Description of subject matter experts. 
 
Subject matter expert Brief background description 
Pharmacist Previous experience as a community pharmacist providing 
medication services to care home, care home inspector, 
primary care trust pharmacist and research pharmacist 
Care home manager 1 Manager of a care home providing personal care and nursing 
services.  A trained nurse. 
Care home nurse Lead clinical nurse in a care home providing personal care 
and nursing services 
Care home manager 2 Manager of a care home providing personal care only. Not a 
trained nurse. 
Care assistant Care assistant in a care home providing personal care only. 
New member of staff with no background in nursing. 
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Table 2. Summary of error analysis corresponding to work categories that 
contributed to medication errors. 
 
Work categories (no. 
of times implicated in 
error) 
Summary of error analysis 
Communicate (9) Communication problems were identified between care home staff and 
community pharmacy staff, care home staff and care home residents, and 
care home staff in the care home.   
 
Record-keeping (9) Problems with record-keeping included not updating records, recording the 
wrong information, not recording information, making unclear records and 
not using recorded information.    
 
Monitor health status (2) Difficulties visually observing and making judgements of the health status 
of care home residents for example, the level of pain experienced by 
residents resulting in poor care. 
Medication review (2) A comprehensive review of medication was not routine: the medication 
management component had not been conducted. 
 
Transport medication (2) The medication transportation system was not robust as it sometimes 
depended on one person to collect or deliver medication, and no records 
were made of the urgency or completion of task. 
 
Order medication (2) The medication ordering system was complex resulting in delays and 
inaccuracies of the medication order.   
 
Dispense medication (3) Information on the dispensing label and MAR chart was not updated and 
led to wrong dose of medication being given.  Medication dispensed in 
wrong dispensing systems resulting in medication not being given to 
residents. 
 
Check stock supply of 
medication (2) 
 
There was no system to check stock supplies of medication. Medication 
changes were not taken into account resulting in insufficient amount of 
medication available for administering to residents.   
 
Give medication (9) Problems included giving the wrong medication, not giving medication and 
not following instructions when giving medication.   
 
Store medication (1) The medication storage system was complex: medications are stored in 
different places due to legal and physicochemical properties resulting in 
unintended omission of medication. 
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Table 3. Using AH to guide safety improvement activities: an example. 
 
Optimising prescribing safety 
 Means ends links can guide improvement activities 
 The Prescribing work component is linked to the next level down in the AH. This 
shows that prescribing requires communication, record keeping, monitoring health 
status, medication review, disposal of medication and ordering medication. Work 
components at the object-related processes level, represent all categories of work that 
should be examined for opportunities for optimisation when designing interventions to 
improve safety.  
 The work components at the object-related processes level are linked in turn to the 
lowest level of the AH, which shows the physical objects that can be used to fulfil the 
“Prescribing” functions. To improve safety objects at this level could be examined for 
omissions, duplication and opportunities for optimisation 
 The Prescribing function is linked to the level above in the AH which shows the values 
and priority measures. These show why prescribing needs to be carried out – e.g. to 
maximise the quality of healthcare provision. The values and priority measures can be 
used to develop measures of performance and ensure that the work system meets 
appropriate legislation (e.g. Care Standards Act 2000; Medicines Act 1968, Misuse of 
Drug Regulations 2001) and quality standards such as national minimum standards for 
care homes for older people.  
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Figure 1. An abstraction hierarchy of the care home medication system. 
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